Background: This study aimed to analyze the association of low vitamin D status with thyroid autoimmunity and dysfunction in the Korean population according to sex and menopausal status in women. Methods: This study was based on the data acquired from the 6th Korea National Health and Nutrition Examination Survey. We enrolled 4,356 subjects who had data of thyroid function, antithyroid peroxidase antibody (TPOAb), and serum 25-hydroxyvitamin D (25[OH]D) levels. We excluded subjects who were pregnant and who had a history of thyroid disease or thyroid cancer, and those with transient thyroid dysfunction who tested negative for TPOAb (TPOAb [-]). Results: TPOAb positivity (TPOAb[+]) with thyroid dysfunction (subclinical and overt hypothyroidism) was more prevalent in the vitamin D deficient group than in the vitamin D insufficient and sufficient groups including premenopausal (P=0.046) and postmenopausal women (P=0.032), although no significant differences were observed in men. The mean serum 25(OH)D level was significantly lower in the TPOAb(+) with thyroid dysfunction group than in the TPOAb(+) with euthyroidism and TPOAb(-) groups of premenopausal women (P=0.001), although no significant differences were observed in men and postmenopausal women. Multivariate binary logistic regression analysis, adjusted for age, body mass index, and current smoking status, showed that vitamin D insufficiency and deficiency were significantly associated with TPOAb(+) with thyroid dysfunction in premenopausal women (P<0.001), although no significant associations were observed in men and postmenopausal women. Conclusion: Low vitamin D status was significantly associated with thyroid autoimmunity and dysfunction in the Korean population, especially in premenopausal women.
INTRODUCTION
Vitamin D is a fat-soluble vitamin that can be ingested via food or synthesized using ultraviolet B irradiation (290-320 nm). Vitamin D not only regulates calcium, phosphorous, and bone metabolism but also performs nonskeletal actions, such as potent modulation of the immune system. 1) Low vitamin D status is very common in Koreans and has become an important health problem. It is more prevalent in women and in the younger generation. According to the results of the 4th Korea National Health and Nutrition Examination Survey (KNHANES) conducted in 2008, 47.3% of men and 64.5% of women had serum 25-hydroxyvitamin D (25[OH]D) levels <20 ng/mL. 2) Several studies have shown an association between low vitamin D status and several autoimmune diseases. 3, 4) The most prevalent organspecific autoimmune disease is autoimmune thyroid disease (AITD), characterized by lymphocytic infiltration of the thyroid parenchyma, that affects approximately 5% of the population across age groups. 5) It is more common in regions with high iodine dietary intakes, including Korea, and is most often observed in women aged 30-60 years. 6) Recent studies have revealed that the prevalence of low vitamin D status is higher in patients with AITD, particularly those with Hashimoto's thyroiditis, than in patients without AITD. These studies revealed that low vitamin D status was associated with antithyroid peroxidase antibody (TPOAb) positivity, subclinical hypothyroidism, or overt hypothyroidism; however, other studies have reported conflicting results. 5, 7) Choi et al. 8) showed that low vitamin D status was significantly associated with AITD, especially in premenopausal women; however, this study was based on a single-center experience, and therefore, these results could not be generalized in all Korean individuals. Kim et al. 9) revealed that low vitamin D status was significantly associated with thyroid dysfunction in participants with excessive iodine intake, using data from the KNHANES VI. However, they did not perform detailed analyses on the association between low vitamin D status and thyroid dysfunction according to sex and menopausal status. We hypothesized that low vitamin D status is significantly associated with thyroid autoimmunity and dysfunction, especially in premenopausal women. In this study, we aimed to analyze the association of low vitamin D status with thyroid autoimmunity and dysfunction in the Korean population and to perform subgroup analyses by sex and menopausal status in women using data from the KNHANES VI, a large-scale nationwide survey.
METHODS

Study Participants
This study was based on data acquired from the KNHANES VI (2013-2014). The KNHANES is a nationwide representative cross-sectional survey that has been regularly conducted by the Korea Centers for Disease Control and Prevention since 1998. It provides information regarding the health and nutritional status of the Korean population. 2, 9, 10) We enrolled 4,356 subjects with results of thyroid function, TPOAb, and serum 25(OH)D levels. We excluded subjects who were pregnant, who had a previous history of thyroid disease or thyroid cancer, and those with hyperthyroidism, based on the result of the thyroid function test and transient thyroid dysfunction, who tested negative for TPOAb (TPOAb[-]) (subacute thyroiditis or nonthyroidal illness).
Laboratory Measurements
Serum thyroid-stimulating hormone (TSH; reference range, 0.35-5.50 mIU/L), free thyroxine (free T4; reference range, 0.89-1.76 ng/mL), and TPOAb (reference range, <34.0 IU/mL) levels were measured using an electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany) with E-TSH kit, E-free T4 kit, and E-anti-thyroid peroxidase kit, respectively. Serum 25(OH)D levels were measured using a gamma counter (1470 Wizard; Perkin-Elmer, Turku, Finland) with radioimmunoassay (DiaSorin, Stillwater, MN, USA). 2, 9, 10) 
Definitions of Clinical Characteristics
In the current study, overt hypothyroidism was defined as a serum TSH level >5.50 mIU/L and a serum free T4 level <0.89 ng/mL. Subclinical hypothyroidism was defined as a serum TSH level >5.50 mIU/ L with a normal serum free T4 level (0.89-1.76 ng/mL). 11) TPOAb positivity was defined as a serum TPOAb level ≥34.0 IU/mL. We classified the subjects into the positive TPOAb (TPOAb[+]) and TPOAb(-) groups, according to the presence of TPOAb positivity. All subjects in the TPOAb(-) group had normal thyroid function, while those in the TPOAb(+) group were further classified into the euthyroid, subclinical hypothyroid, and overt hypothyroid groups, according to their thyroid function status. The number of subjects with subclinical hypothyroidism and overt hypothyroidism was too small to determine the statistical significance; therefore, we combined these two groups into the thyroid dysfunction group. We used serum 25(OH)D levels to identify subjects with vitamin D deficiency (<10 ng/mL), insufficiency (from 10 to <20 ng/mL), or sufficiency (≥20 ng/mL). 2) Body mass index (BMI) was calculated by dividing the weight (kg) by the square of the height (m 2 ). Armonk, NY, USA). All the tests were two-sided, and P<0.05 was con-sidered statistically significant.
Statistical Analyses
Ethical Considerations
All the patients enrolled in the KNHANES signed an informed consent form. This was a cross-sectional study based on the KNHANES (http:// knhanes.cdc.go.kr/knhanes/); therefore, ethical approval was not required.
RESULTS
Clinical Characteristics
The overall clinical characteristics of 4,356 study subjects are presented in Table 1 . The overall mean age was 40.2 years; 25.5% subjects were current smokers, and the mean BMI of the subjects was 23.5 kg/ m 2 . The overall mean serum TSH, free T4, and TPOAb levels were 2.61 mIU/L, 1.24 ng/mL, and 29.5 IU/mL, respectively. The overall prevalence of TPOAb positivity was 6.8%. We classified the subjects into the TPOAb(-) (n=4,055, 93.2%), TPOAb(+) with euthyroidism (n=238, 5.4%), and TPOAb(+) with thyroid dysfunction (n=63, 1.5%) groups.
The overall mean serum 25(OH)D level was 16.7 ng/mL, and we classified the subjects into the vitamin D sufficient (n=1,128, 25.4%), insufficient (n=2,683, 62.0%), and deficient (n=545, 12.6%) groups.
Clinical Characteristics according to Sex and Menopausal Status
The clinical characteristics of the 4,356 study subjects according to sex and menopausal status are outlined in Table 1 proportions of premenopausal women in the vitamin D insufficient (65.7% versus 55.5%) and deficient groups (18.4% versus 11.6%, P<0.001) were significantly higher than those of postmenopausal women.
Association between Vitamin D Status and Thyroid Function according to Sex and Menopausal Status
The prevalences of TPOAb(+) with euthyroidism and TPOAb(+) with thyroid dysfunction were higher in the vitamin D deficient group than in the other two groups of men, but these differences were not significant (P=0.374). However, the prevalences of TPOAb(+) with euthyroidism (7.4% versus 5.5% versus 6.0%) and TPOAb(+) with thyroid dysfunction (2.7% versus 2.1% versus and 0.1%) were higher in the vitamin D deficient group than in the other two groups (insufficient and sufficient) of premenopausal women (P for trend=0.046). The prevalence of TPOAb(+) with euthyroidism (22.2% versus 11.1% versus 10.2%) was also higher in the vitamin D deficient group than in the other two groups of postmenopausal women (P for trend=0.032) ( Table 2 ).
The mean serum 25(OH)D levels were insignificantly different in the TPOAb(+) with thyroid dysfunction, TPOAb(+) with euthyroidism, and TPOAb(-) groups of men and women ( Figure 1A) . However, the mean serum 25(OH)D level was significantly lower in the TPOAb(+)
with thyroid dysfunction group than in the other two groups of premenopausal women (11.7 ng/mL versus 14.4 ng/mL versus 14.9 ng/ mL, P=0.001), although no significant differences were observed among the three groups of postmenopausal women ( Figure 1B) .
According to the univariate binary logistic regression analysis in the (Table 3) . However, significant associations between vitamin D insufficiency or deficiency and TPOAb(+) with thyroid dysfunction were not observed in men and postmenopausal women.
DISCUSSION
This study aimed to investigate the association between low vitamin D status and AITD and to perform a more detailed analysis according to AITD is one of the most prevalent organ-specific autoimmune dis-eases and affects approximately 5% of the population across age groups. It is more common in regions with high dietary iodine intake,
including Korea, and is most often observed in women aged 30-60 years. 6) Low vitamin D status is a primary phenomenon involved in causing AITD or it simply represent the consequence in the pathogenesis of the disease. 12) One hypothesis is that vitamin D mediates the immunomodulatory effect by binding to the vitamin D3 receptor, the ligand for 1,25-dihydroxyvitamin D3, which is also expressed in the thyroid tissues. 12) Recent studies have revealed an association between low vitamin D status and the TPOAb positivity, subclinical hypothyroidism, or overt hypothyroidism. 7) However, several studies have reported conflicting results about the association between low vitamin D status and AITD.
Moreover, few studies have assessed the association between low vitamin D status and AITD in the Korean population. Kim et al. 9) revealed that low vitamin D status was significantly associated with thyroid dysfunction in participants with excessive iodine intake, based on data from the KNHANES VI. However, even though low vitamin D status and AITD are more common in women and certain age groups, they did not perform detailed analyses regarding the association between low vitamin D status and thyroid dysfunction according to patient characteristics. Choi et al. 8) showed that low vitamin D status was significantly associated with AITD, especially in premenopausal women;
however, this study was based only on a single-center experience.
Thus, the results of this study cannot be generalized to all Korean individuals.
The current study revealed that low vitamin D status was significantly associated with AITD in the general Korean population. Interestingly, the mean serum 25(OH)D level was significantly lower in the TPOAb(+) with thyroid dysfunction group than in the TPOAb(+) with euthyroidism and TPOAb(-) groups only in premenopausal women.
Furthermore, no significant differences were observed among the three groups of men and postmenopausal women. This result supports the reports of Choi et al. 8) who suggested a possible cross-talk mechanism between vitamin D and estrogen in AITD pathogenesis; however, the underlying mechanism remains unclear. Additionally, multivariate logistic regression analyses after the adjustment for possible confounding factors, such as age, BMI, and current smoking status, showed that vitamin D insufficiency and vitamin D deficiency were still significantly associated with TPOAb(+) with thyroid dysfunction.
We used cutoff values ≥20 ng/mL and <10 ng/mL serum 25(OH)D to classify vitamin D sufficiency and deficiency, respectively, although the optimal level to define vitamin D status remains controversial. We chose the cutoff values based on the studies that defined ≥20 ng/mL serum 25(OH)D levels as being sufficient for sustaining parathyroid hormone levels and bone health. 9) This study has certain limitations. 
